Using the Consumer Price Index (CPI) data of 82 Indonesian cities, we propose the hypothesis of heterogeneity in the cities' contribution to the aggregate Indonesian CPI. Using a price discovery model fitted to monthly data, we discover that (1) of the 23 cities in the province of Sumatera, five contribute 44% and nine contribute 66.7% to price changes, and (2) of the 26 cities in Java, four alone contribute 41.6% to price changes. Even in smaller provinces, such as Bali and Nusa Tenggara, one city alone dominates the change in aggregate CPI. From these results, we draw implications for maintaining price stability.
Second, our work is connected to the literature (see, inter alia, Basher and Westerlund, 2008; Culver and Papell, 1997; Westelius, 2005) that tests for persistency of inflation. The idea inherent in this literature is policy based, in that, if shocks to inflation are temporary (short term), then the persistency test (typically conducted using unit root tests) will imply a stationary inflation rate. By comparison, if the inflation rate appears to be nonstationary, then shocks are likely to have a longterm effect. Finding evidence of temporary or long-term effects of shocks on inflation has implications for price stability, particularly about policies that can support price stability. The unit root literature's limitation in informing policy in this way is that it considers one city (or country) at a time; that is, the cities or countries are not all modeled simultaneously. This is wasteful, because there is a loss of information from cities ignored by the analysis. Therefore, one could argue that a unit root test is always associated with a model misspecification problem when the hypothesis test is of the type we examine in this paper. This is not to say that unit root tests should not be used. They are powerful tools which should be employed by researchers; however, our argument is that when one wants to search for leader cities amongst a large group of cities, the unit root test is unlikely to be the most suitable tool. It follows that the type of price discovery model we employ circumvents this model misspecification concern by considering all cities in a single model. We argue that, by employing the WRN framework, we have a relatively complete model for understanding the joint (among cities, as in our example) evolution of prices.
Our final contribution is to the Indonesia-specific literature on inflation. In a recent paper that inspired our proposed hypothesis test, Jangam and Akram (2019) show that city-level prices in Indonesia weakly converge. Their analysis points to four convergence clubs among a large group of Indonesian cities. Their policy recommendation is rather complex, because they suggest targeting those four groups of cities to achieve price convergence. Our results support theirs, in that the bulk of Indonesian cities do not contribute to price changes in a statistically significant manner. Where we differ, however, is in our identification of leader cities. A key advantage of our approach and finding is the recommendation to target those cities that are price drivers (or leaders). Our policy recommendation is thus less complex, tractable, and easy to implement.
The remainder of the paper is organized as follows. Section II explains the methodology. Section III describes the data and the results. Section IV highlights our key findings and implications.
II. METHODOLOGY
To test our hypothesis that certain cities in Indonesia contribute more to the Consumer Price Index (CPI) than others, we employ the discovery model of WRN. WRN's model is a common factor model, of the following form:
(1)
where CPI i,t is the CPI of city i, i=1,…,82, in period t=2014M01,…,2018M04, where M01 denotes the month of January and M04 the month of April. The monthly data frequency ensures that each city has 52 data points.
The common factor, CF t , is the aggregate (country) Indonesian CPI. The construction of Equation (1) implies that the common factor (the CPI of Indonesia) is thus applicable (or is common) to each Indonesian city. Each city's relation to the common factor is represented by a i . Finally, Z i,t is an idiosyncratic error term. According to price discovery theory, the fundamental price (CF t ) should follow a random walk and be common across cities, while the noise component (Z i,t ) should be stationary and idiosyncratic. It therefore follows that a 1 =...= a 82 =1 . The idea behind Equation (1) is to discover (hence the term price discovery) which city contributes, and how much, to the movement of the aggregate CPI.
To extract the share (or contribution) of each city's CPI to the aggregate CPI, we employ Hasbrouck's (1995) information share (Contribution), which has been extended by WRN to a panel version (to accommodate the panel of 82 cities in our example) in the spirit of Narayan, Sharma, and Thuraisamy (2014) as follows:
( 2) where is the variance of Z i,t and is the variance of cf t = CF t -CF t-1 , the shock to the fundamental price. This equation states that (a) the lower the amount of noise ( ) in the CPI of city i, the higher that city's contribution to the aggregate CPI, and (b) as the covariance between the CPI of city i and the aggregate CPI (a i ) increases, that city's contribution to the aggregate CPI rises. Further details on the methodology are provided by Narayan, Phan, Thuraisamy, and Westerlund (2016) and Narayan, Sharma, Thuraisamy, and Westerlund (2018) . We refer readers to these papers.
III. DATA AND RESULTS
The data for this paper are taken from an earlier paper published in this journal (Jangam and Akram, 2019) . The data set is monthly and spans the period from January (M01) 2014 to April (M04) 2018. It should be noted that, while Jangam and Akram (2019) use data up to August 2019, we had to truncate the sample to a common end date to remain consistent with the econometric methodology. Further details on the data are given by Jangam and Akram (2019) .
Before we examine our main hypothesis, a descriptive story of the data set is in order. Table 1 reports common descriptive statistics organized by city and categorized into the six provinces. A key feature of the data is that not only do the mean and the variance of CPI inflation vary by city and by province, but also, as noted in the last column, the sample growth rate and average annual growth rate of the CPI vary vastly both among cities in a province and across provinces. Some discussion on this is warranted. In Sumatera, for instance, the annual average price growth is recorded at 4.64%, with 13 of 23 cities experiencing annual price growth in excess of 4.64%. Java has an annual average price growth rate of 4.27%, with 13 of 26 cities experiencing a rate in excess of 4.27%. In other, smaller provinces, the story is similar: in Bali, Kalimantan, and Sulawesi, three of six, five of nine, and 1 We do not conduct the Popp (2010, 2013) endogenous structural break test because it was unlikely to change the hypothesis we are proposing to test. However, we believe that doing a persistency test of CPI using the dataset we have here will constitute a separate paper. In such an endeavor, the half-life can be computed to understand the heterogeneity of city-based inflation to shocks.
six of 11 cities, respectively, have growth rates in excess of their province's annual average growth rate. When comparing CPI growth rates across cities, we also see differences: Maluku-Papua has the highest annual average price growth rate (5%), followed by Kalimantan (4.94%), Sumatera (4.64%), Sulawesi (4.54%), Java (4.27%), and Bali (4.21%). There is almost a 20% difference in price growth between the high-price growth rate provinces (e.g., Maluku-Papua and Kalimantan) and the low-price growth rate provinces (e.g., Java and Bali). 1 When we note the volatility of the inflation rate, as depicted by the standard deviation of the price change, we again see that, within provinces, some cities experience higher volatility in price changes. The results in Table 2 show evidence of serial correlation in price changes and their persistence. We observe that the majority of the cities have price changes that are best characterized as serially correlated, suggesting that current price changes are related to future price changes. Although this is true for most cities, what is different is the magnitude of serial correlation as measured by the first-order autoregressive coefficient reported in the last column. Kalimantan, Java, and Bali, and Nusa Tenggara have a price persistency of 0.22, 0.20, and 0.19, respectively, while, for Java, Sulawesi, and Maluku-Papua, the persistency in prices is much lower, at 0.12, 0.07, and 0.05, respectively. The persistence of the CPI is also confirmed by the panel unit root test results reported in Table 3 . The results show that the idiosyncratic component (from Equation (1)) turns out to be stationary. These unit root tests are consistent with the theoretical expectations of Equation (1) (WRN, 2017) . These statistical features suggest the following: (1) city-level prices are different, so, when considered within a province, the most and least influential cities in shaping the aggregate CPI should become clear from our price discovery model. (2) City-based prices differ across provinces and, hence, provinces differ; therefore, we expect heterogeneity in terms of the number of cities that move prices the most within a province. Table 4 .
Price Discovery -By province/region
This table reports results from the price discovery test by province/region. The Information share is reported in column 2 and the factor loading is reported in column 3. The next three columns test the null hypothesis that the information share (price discovery) is equal to zero: the standard error (SE) of the test, its resulting t-statistic and p-values occupy these columns. The cities highlighted in red colours have the highest information shares in each province/region and their total PIS contribute more than 65% to each province/region CPI. Table 4 .
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Price Discovery -By province/region (Continued)
This table reports results from the price discovery test by province/region. The Information share is reported in column 2 and the factor loading is reported in column 3. The next three columns test the null hypothesis that the information share (price discovery) is equal to zero: the standard error (SE) of the test, its resulting t-statistic and p-values occupy these columns. The cities highlighted in red colours have the highest information shares in each province/region and their total PIS contribute more than 65% to each province/region CPI. This table reports results from the price discovery test by province/region. The Information share is reported in column 2 and the factor loading is reported in column 3. The next three columns test the null hypothesis that the information share (price discovery) is equal to zero: the standard error (SE) of the test, its resulting t-statistic and p-values occupy these columns. The cities highlighted in red colours have the highest information shares in each province/region and their total PIS contribute more than 65% to each province/region CPI. We conclude with evidence of price discovery, that is, the relative importance of cities in the movement of prices in each of the six provinces. Of Sumatera's 23 cities, nine alone contribute 66.7% to the price changes, and five cities contribute 44% to all price changes. Similarly, among Java's 26 cities, nine contribute 65% to all price changes, with four contributing 41.6%. Even in smaller provinces, such as Bali and Nusa Tenggara, which have only five cities, one city alone contributes around 43% to all price changes. Across all six provinces, therefore, we identify a leader city and a group of cities that dominate the price changes. Our results imply that each province in Indonesia has between six and 26 cities, for a total of 82 cities. In controlling prices, given that the objective of Bank Indonesia, the central bank, is to maintain price stability, pricing-related policy should pay greater attention to the cities we identify as movers and shakers, or leaders.
To demonstrate their impact, we plot an equal-weighted price index for the leader cities against the other cities ( Figure 1 ). The distinction between these two groups of cities in each province is obvious. This simple graphical analysis gives credence to our approach of searching for cities that contribute to price changes in a meaningful manner. The cost of not doing so is huge, because, from a policy point of view, the policy uncertainty resulting from not knowing which cities to target to control prices is not trivial. Our effort goes toward providing a guide to city selection when it comes to policymaking.
IV. CONCLUSIONS AND IMPLICATIONS
This paper aims to understand the CPI dynamics across Indonesian cities and provinces. A total of 82 cities belonging to six Indonesian provinces were analyzed to determine the leader cities, that is, those cities that contribute the most to the aggregate price changes for each province. Monthly time series data (2014M01 to 2018M04) were employed and the data fitted to a price discovery model that associates price changes with a common factor (i.e., the aggregate price change) and an idiosyncratic component of city price changes. A model based on the work of WRN paves the way for our empirical analysis. Simple characteristics of the CPI data for the sample of 82 cities indicate that city-based prices are heterogeneous across a range of statistical tests. This heterogeneity is reflected across provinces, suggesting that some cities move aggregate prices more than others. In formal price discovery tests, we observe precisely this: that each province contains cities that contribute more to prices changes and cities that contribute less. This finding has important implications for inflation policy.
The main takeaway from our paper is that it determines which cities to target if the objective is to control prices (or achieve price stability) in each province. Better price control in these leader cities will allow for faster convergence to price stability.
As a natural extension of our paper, future research can investigate why those cities appear as price leaders and why the other cities in each province do not contribute much to the aggregate price change. While answers to these questions will offer insights on the characteristics of cities about which we do not commentate in this paper, these answers though are independent of our policy recommendation.
